. The genus Mitriil~ in Not-th America. Can. J. .
The Geoglossaceae is one of the most thoroughly studied families of fungi to date Bille-Hansen 1954; Cooke 1875a Cooke , 1875b Durand 1908; Eckblad 1963; Favre 1949; Grund and Harrison 1967; Imai 1940 Imai , 1941 Knudsen 1975; Lloyd 1916; Mains 1954 Mains , 1955 Massee 1897; Nannfeldt 1942; Seaver 195 1 ; Velenovskf 1934) . In spite of these studies the species and generic concepts of common taxa are still fluctuating (Kankainen 1969; Maas Geesteranus 1964 , 1972 Ohenoja 1975) .
From Fries (1821) to the present the genus Mitrula Fr., Geoglossaceae, has been variously defined to include a large number of unrelated species. Recently Imai (1941) and later Maas Geesteranus (1964) restricted the genus to the type species M . paludosa Fr. based on microscopic morphology. This species has never had a type specimen designated. Characteristics commonly attributed to M. paludosa are as follows: (1) an orange clavate fleshy hymenophore; (2) a white stipe; (3) inflated stipe hyphae; (4) hyaline ascospores; (5) an amyloid apical ascal apparatus; and (6) a habitat on decaying vegetation in shallow water. Mains (1955) noted three basic ascospore forms in the North American collections that he referred to as M . paludosa. Seemingly in contradiction with Main's observations, Kankainen (1969) using European materials of M. paludosa reported ascospores of variable sizes and forms in some ascocarps and attached no importance to the variations. Only Boudier (1905 Boudier ( -1910 used differences in spore sizes in combination with hymenophore shape and colour variations to segregate taxa from M . paludosa.
Observations on two adjacent colonies of Mitrula were made in August 1974 near Black Sturgeon Lake, Thunder Bay District, Ontario. Troops of ascocarps from both colonies were occupying the same forest pool and overlapped slightly. The major differences between the ascocarps from the two colonies were their hymenophore colours, $esh for one and pale luteous for the other (Rayner 1970) . The pale luteous ascocarps were;mostly narrow and cylindrical (Fig.  4) . The flesh-coloured ascocarps were mostly irregularly pyriform (Fig. 5) . The former had broadly elliptical ascospores (Fig. 9A ) and the Can. J. Bot. Downloaded from www.nrcresearchpress.com by PENNSYLVANIA STATE UNIVERSITY on 07/08/12
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latter had lunate to cymbiform ascospores (Fig.  16A ). Both collections keyed down to ' M . paludosa. ' Collections labelled Mitrula paludosa or its synonym M. phalloides (Bull.) Chev., deposited in major North American herbaria, were examined to determine how common and how distinct the two forms of ' M . paludosa' were. This survey revealed the existence of a third North American form which was more common than the two forms collected at Black Sturgeon Lake. It was distinguished by its narrow cylindrical to clavate ascospores (Fig. 14) . The few European collections examined at that time seemed to belong to this last form although their ascospores were slightly broader and more variable. However after more E u r o~e a n collections were compared with their North American counterparts it became apparent that they consistently produced larger ascospores (Fig. 20) . In a blind test of 12 collections with cvlindrical to clavate ascospores from Europe a i d North America in which the collections data were hidden, all were correctly assigned to the continent of origin. I conclude there were four forms of ' M . pahrdosn' based on ascospore morphology, three as noted by Mains (1955) and the fourth by Kankainen (1969) . Some herbarium packets contained mixtures of ascocarps representing more than one of the four forms but no single ascocam was found that was an intermediate of hybrid form. It was concluded that more than one colony had been sampled in these cases as might have happened at Black Sturgeon Lake.
The geographic distribution of each of the three North American forms was distinctive as was the sporulating period. These differences indicated that the four forms represented four independently evolving populations with no interbreeding even where their ranges overlapped. They are therefore considered as distinct-species.
The type collections of Leotia elegans Berk., Mitrula morchelloides Mains, M. izorvegica Rostr., M. omphalostoina Benedix, and an original Fries collection of M. paludosa were examined. Other species once placed in the genus Mitnrla either lack type collections or have been placed in other genera. The two common species of Mitrula discovered in my survey were identified as M. pnl~rdosn Fr. for Europe and M. elegans (Berk.) Fr, for North America. The two uncommon species originally discovered at Black Sturgeon Lake were undescribed. All four species are described in detail below followed by a discussion on some excluded species. (1941) and Maas Geesteranus (1964)). Figs. 1, 4, 9-11 Ascoma gregaria, solitaria vel subcaespitosa, mollia, 1.9-3.7 cm altum. Clavula forma varia, ovoidea vel pyriformis, inflata, obtusa, laevis, lutea vel luteola, 2-8 mm latum. Stipes subaequalis, cavus, albus vel raro latericius, 1-3 mm crassus.
Mitrula
Asci cylindraceo-clavati, apice attenuati, jodo obturaculo minutissimo caerulescentes, 105-140 x 7.5-9.5 pm. Paraphyses filiformes, 147-157 x 2-3 pm. Sporae 8: distichae vel oblique monostichae, ellipticae vel ovoideae, 7-17.5 x 2-5 pm.
Ad folia putrida in paludosis. HOLOTYPUS: On dead foliage of Th~rjn occicientalis and Alnus rligosa. Black Sturgeon Lake, Thunder Bay District, Ontario, Canada, Aug. 16, 1974; leg. S. A. Redhead no. 1330 (TRTC 47282) .
ISOTYPUS: CUP, DAOM, K, UBC. ADDITIONAL ILLUSTRATIONS: Rehm (1896 , p. 1143 .
MACROSCOPIC CHARACTERISTICS : Ascocarps gregarious, solitary to subcaespitose, fleshy, 1.5-4.5 cm high. Clavula ovoid to irregularly pyriform, cylindrical or clavate, smooth to rugose, slightly tremullose, tasteless, luteous to yellowluteous, 2-12 mm wide. Stipes unbranched, glabrous and slightly lubricous above, 1-3 mm wide above, hyaline to white; basal portion occasionally enlarged, moderately covered with matted hyphal hairs below; occasionally developing reddish-brown stains.
MICROSCOPIC CHARACTERISTICS: Asci eightspored, elongate-clavate, 105-140 x 7.5-9.5 pm. Apical pores amyloid. Croziers present. Paraphyses filiform, slightly enlarged above, 147-157 x 2-3 pm. Ascospores 10.5-18 x (2.5-)3-4-(-5) pm in deposits, inflexible, elliptical to ovoid or broadly cylindrical, one-or two-celled, usually with a gelatinous sheath. Subhymenial hyphae 1.5-8.5 pm wide. Clavula medulla hyphae 4-21 pm wide. Stipe medulla hyphae 2-7 pm wide. Stipe inner cortical hyphae 8.5-33.5 pm wide, inflated, moderately thickened. Stipe outer cortical hyphae 3.5-6.5 pm wide. Basal mycelial hairs 3.5-7.5 pm wide.
HABITAT (K) . Sydow: Mycotheca Germanica no. 2168 M. phalloides (BPI, CUP, K, TRTC) .
Mitrula borealis is characterized by broad elliptical to ovoid ascospores . In North America it is easily distinguished from the slender-spored M. elegans and the lunate-spored M. lun~rlatospora . In Europe it is readily confused with M. pal~rdosa because of the latter's broad ascospores 24, 25) and its tendency to produce abnormally broader ascospores that abort (cf. Figs. 22, 23a, 23b) . Both Mitrula norvegica Rostrup (1904) and M . phalloides (Bull.) ex Chev. var. aurantiaca (Cumino)ex Boudier sensu Boudier (1905-19 10) were based on M. paludosa ascocarps which produced abnormally large ascospores within the size range of M. borealis but failed to be ejected from the asci. With these two collections it was necessary to examine ascospores deposited on the stipes' apices for correct identification.
Mitrula borealis is the least collected species in the genus. The boreal and subalpine distribution (Fig. 1) Lloyd (1 9 16, Fig.  796 ), Mains (1955, Fig. 42 ), Smith (1949, Reel 2, No. 11) .
MACROSCOPIC CHARACTERISTICS : Ascocarps gregarious, solitary to caespitose, fleshy, 2-10 cm high. Clavula globose to cylindrical, cerebriform, clavate, pyriform or lobed, smooth to rugose, slightly tremullose, bright orange to bright yellow, becoming ochraceous orange with age or pinkish when submerged in acidic water, 1.5-1 5 mm wide. Stipes unbranched, glabrous and slightly lubricous above, 1.5-3 mm wide above, white to faintly pinkish, slightly enlarged above or below, moderately covered with matted hyphal hairs below.
MICROSCOPIC CHARACTERISTICS : Asci eightspored, elongate-clavate, 1 15-1 23 x 5-7.5 pm. Apical pores amyloid. Croziers present. Paraphyses filiform, slightly enlarged above, 120-130 x 1.5-3 pm. Ascospores 11-17.5 x (1.5-)2-2.5(-3) pm, flexible, narrowly cylindrical or clavate, occasionally fusoid-cylindrical, one-or two-celled, lacking a gelatinous sheath. Subhymenial hyphae 1.5-5.5 pm wide. Clavula medulla hyphae 3.5-21 pm wide. Stipe medulla hyphae 1.5-10 pm wide. Stipe inner cortical hyphae 7-70 pm wide, inflated. Stipe outer cortical hyphae 3.5-12 pm wide. Basal mycelial hairs 3.5-10.5 pm wide.
HABITAT Fig. 18 . DAOM 89738. Fig. 19 . Neotype material of M. paludosa. Fig. 20 . DAOM 67478. Fig. 21 . Type material of M . omphalostoma. Fig. 22 . Type material of M . norvegica. Fig. 23 . Voucher specimen for Boudier (1905 Boudier ( -1910 . Fig. 24 . DAOM 107805. Fig. 25 . Boudier collection, PC (cf. Boudier 1905 -1910 . Leotia elegans Berkeley (1846) was described from inaterial sent to Berkeley from Mr. Greene, U.S.A. It was later transferred to Mitr~tla by Fries (1851) where it was treated by Berkeley (1875) and Massee (1897) . Durand (1908) stated that Mr. Greene was a well known physician from Boston (Massachusetts). Durand felt that M . elegans was an unusually etiolated form of M. phalloides ( = M. paludosa) growing among Sphagnum. Ascocarps of the type collection deposited at Kew (K) are indeed very slender and in contact with some Sphagnum but more importantly the ascospores are identical with those of the commonest North American species of Mitrula (cf. Fig. 12 with .
Mitrula elegans is characterized by slender cylindrical to clavate but not filiform ascospores . It is closely related to M. paludosa . The ascospores of both species differ mainly in their average widths (see key).
Thus far M , elegans is only known from North America and M. pal~rdosa from Europe, a fact which makes their casual identifications easier.
Mitrula elegans is the most commonly collected and the most widely distributed North American species of Mitrula (Fig. 2) . It has not been observed in Florida (Dr. J. W. Kimbrough, personal communication) or in Louisiana (Dr. A. L. Weldon, personal communication). Tts southern limits appear to be well known, as are those of M . lunulatospora, to judge from the lack of reports from these two states. The same cannot be said for the northern limits as collecting trips to the Canadian boreal forests are rare.
Mitrula 1iinulatospor.a S. A. Redhead sp. nov.
Figs. 3, 5, 16-18 Ascoma gregaria, solitaria, mollia, 2.4-5.2 cm altum. Clavula forma varia, oblongatoovoidea vel pyriformis, inflata, obtusa, laevis, crocea, 2-10 mm latum. Stipes subaequalis, cavus, albus vel roseo-albus, 1-4 mm crassus. Asci cylindraceo-clavati, apice attenuati, jodo obtuaculo minutissimo carulescentes, 91-135 x 6.5-8.5 pm. Paraphyses filiformes, 129-164 x 1.5-3 pm. Sporea 8: distichae vel oblique monostichae, lunata, 1 1-1 7 x 3-3.5 pm.
Ad folia putrida in paludosis. HOLOTYPUS : On dead foliage of Thuja occidentalis and Aliz~rs rugosa. Black Sturgeon Lake, Thunder Bay District, Ontario, Canada, Aug. 16, 1974; leg. S. A. Redhead no. 1329 (TRTC 47281) .
ISOTYPUS: CUP, DAOM, K, UBC. ADDITIONAL ILLUSTRATIONS: Mains (1955, Fig. 41) .
MACROSCOPIC CHARACTERISTICS : Ascocarps gregarious or solitary, fleshy, 2.4-5.2 cm high. Clavula ovoid to pyriform or clavate, smooth to rugose, slightly tremullose, tasteless, saffron, buff, flesh or pinkish aurantiaca coloured, 2-10 mm wide. Stipes unbranched, glabrous and slightly lubricous above, 1-4 mm wide above, white or tinted pink, enlarged below, moderately covered with matted hyphal hairs below.
MICROSCOPIC CHARACTERISTICS : Asci eightspored, elongate-clavate, 91-135 x 6.5-8.5 pm. Apical pores amyloid. Croziers present. Paraphyses filiform, slightly enlarged above, 129-164 x 1.5-3 pm. Ascospores 11-19 x (2-)2.5-3.5-(-4) pm in deposits, lunate to allantoid or cymbiform, usually with a gelatinous sheath, one-or two-celled. Subhymenial hyphae 1.5-7.5 pm Can. J. Bot. Downloaded from www.nrcresearchpress.com by PENNSYLVANIA STATE UNIVERSITY on 07/08/12
For personal use only. only species for Mitrula by Imai (1941) and recognized as such by Maas Geesteranus (1964).
The neotype described above was the only collection of M , pal~rdosa by E. Fries deposited in Uppsala (UPS). It had previously been cited by Nannfeldt (1942) in the list of collections that he examined but no description was given then. Except for the specimen's darker colours, a result of drying and aging, its inacroscopic features matched Fries's description of M. paludosa. The chosen collection also represents the commonest European species of Mitrula which is normally referred to as M. pal~rdosa. The specimen cannot be designated as a lectotype because of the lack of a collecting date, thus making it impossible to know if Fries exainiiled it before his publication. Femsjo was Fries's birth place and he frequently collected there.
As stated earlier both Mitrula norvegica and M. phalloides var. moantiaca sensu Boudier were based on abnormal forms of M . paludosa. Mitrula onzplzalostoma is also a synonym of M. paludosa. It was based on a collection of apically perforated, large, pinkish ascocarps growing in Sphagrz~rm. Microscopically (Fig. 21 ) it does not differ from M. paludosa including the amyloid reaction of the apical pore (cf. Maas Geesteranus 1964). The combination of a pinkish hymenium, perforated hymenophore, and a habitat on Sphagnur.iz is unusual but is to be expected in the norinal range of macroscopic variation shown by Mitrula species. All four recognized species have been collected in association with Sphagnu17z at some time. In one collection of M. elegans on wet leaves in Sphagnunz the emergent ascocarps were orange whereas the submerged ascocarps were pinkish (unpublished notes in M. Gilliam no. 1150, MICH) . Another collection of M. elegarzs on decaying leaves in swampy ground consisted of large clavate perforated ascocarps (M. B. Walters no. 116, MICH). These variations are rare for M. elegans, a species for which I have examined numerous collections, and can be expected for M. pal~rdosa when enough collections are examined. A large number of bacteria were present on the portion of the type of M. omphalostoma studied. This indicated that it was overmature and deteriorating or submerged or both.
Discussion
The genus Mitrula as first conceived by Fries was an unnatural assemblage of species. Numerous species have been described in the genus or synonym of M. gracilis (Favre 1949; Kankainen 1969) . Mitrula alba and M. exigua are poorly described and doubtful species for which no type collections are known (Durand 1908 Lett. 20: 83 (1934) .
MICROSCOPIC CHARACTERISTICS (from type) : Ascospores fusoid-elliptical to cymbiform, usually flattened on one side, 5.5-7 x 2 pm, nonseptate, hyaline, thin-walled, inamyloid, mostly biseriate. Asci eight-spored, short cylindric, 38-46 x 5-6.5 pm, short pedicillate, croziate, apically thickened, with an amyloid apical pore. Paraphyses abundant, hyaline, thin-walled, nonseptate, 38-42 x 1.5-2 pm, equal or slightly enlarged apically. Excipulum textura globosa near the stipe, hymeniform near the margin, cells subglobose to clavate, 11-12.5 x 7.5-10.5 pm, developing apical papillae near the apothecial margin and grading into marginal hairs. Marginal hairs unicellular, crowded, ventricose to flexulose-cylindric, 19-34 x 3-5 pm. Medullary and excipulum hyphae pigmented, brown. Stipe hyphae parallel, not inflated, pigmented, incrusted, slightly constricted at septa, 4-9 pm wide. Caulocystidia none.
MACROSCOPIC CHARACTERISTICS : see Mains (1934) Verpatinia morchelloides is closely related to V. caltlzicola Whetzel and V. spiraeicola Dennis and may be conspecific with either of them. It was described before both species.
Mitrula gracilis differs in a number of ways from the four closely related species of Mitrula recognized and described above. It produces minute cauloscales consisting of fasciculated hyphal ends (Kankainen 1969) , a gelatinized free margin clearly visible in young ascocarps (Kankainen 1969) , and a yellowish stipe (Eckblad 1963; Favre 1949; Heim and Remy 1932; Imai 1941; Kankainen 1969) . As noted by Eckblad (1963) the stipe hyphae of M. gracilis rarely exceed 7 pm in diameter in contrast with the broader hyphae of M. paludosa. The maximum diameters reached in the four Mitrula species were as follows: M. borealis, 33.5 pm; M. elegans, 70 pm; M. lunulatospora, 40.5 pm; and M. paludosa, 43.5 pm. The diameters of the basal mycelial hairs of each of these species were 3.5-7.5 pm, 3.5-10.5 pm, 3-8.5 pm, and 4-8.5 pm, respectively, in contrast with the diameter of the basal mycelial hairs of M. gracilis, 1.5-3.5 pm. In 10% KOH solution ascocarps of M . gracilis released a yellow to reddish brown pigment in considerable quantities whereas the four related Mitrula species did not. Finally M . gracilis is only found associated with mosses in arctic or alpine environments whereas the other Mitrula species are found associated with decaying leaves or needles in subalpine to temperate environments. For these reasons a new genus is proposed to differentiate Mitrula gracilis from the Mitrula species admitted above. (BPI) . NORTHWEST TERRITORIES : Mackenzie Dist., Mackenzie Mts., a small unnamed lake 9 mi SES of Hole-in-the-wall Lake, 61'42' N, 127'10' W, Aug. 10, 1967 Bryoglossum gracile is described in a number of papers which are reviewed in Kankainen (1 969), who also summarizes the ecology of this species. It has been reported from the following areas : North America : Alberta, Newfoundland (Labrador), Quebec, Colorado, Idaho, Montana, Washington (Mains 1955) ; Europe: northern Fennoscandia, the Carpathian Mountain range, and the Alps; Greenland; Iceland (Kankainen 1969) .
